Principles of aortic valve repair  by El Khoury, Gebrine & de Kerchove, Laurent
Panel 1 El Khoury and de KerchovePrinciples of aortic valve repairGebrine El Khoury, MD, and Laurent de Kerchove, MDFrom th
Louv
Disclosu
comm
Read a
New
Receive
public
Address
lar Su
Belgi
0022-52
Copyrig
http://dx
S26During the past 15 years, important advances in the field of aortic valve repair have transformed it from an in-
frequent and anecdotal exercise to a feasible and attractive alternative to valve replacement in selected patients
with pure aortic insufficiency. These advances include a deeper understanding of the functional anatomy of the
aortic valve and pathophysiologic mechanisms of aortic insufficiency; the development of surgical techniques to
restore normal geometry to the aortic root and to restore the cusp coaptation; and the development of a common
terminology that can be used by all clinicians to describe the lesions, discuss repair techniques, and compare
immediate and long-term outcomes after aortic valve repair. This article attempts to describe the important prin-
ciples of aortic valve repair by focusing on functional anatomy, surgical techniques for cusp repair, and outcome.
By analogy with mitral valve repair, we include in the term aortic valve repair not only the repair of the cusp but
also the valve-sparing root replacement or any kind of functional aortic annulus stabilization. (J Thorac Cardi-
ovasc Surg 2013;145:S26-9)During the past 15 years, important advances in the field of
aortic valve (AV) repair have transformed it from an infre-
quent and anecdotal exercise to a feasible and attractive al-
ternative to valve replacement in selected patients with pure
aortic insufficiency (AI). These advances include a deeper
understanding of the functional anatomy of the AV and
the pathophysiologic mechanisms of AI; the development
of surgical techniques to restore normal geometry to the
aortic root and to restore cusp coaptation; and the develop-
ment of a common terminology that can be used by all cli-
nicians to describe the lesions, discuss repair techniques,
and compare immediate and long-term outcomes after AV
repair. This article attempts to describe the important prin-
ciples of AV repair by focusing on functional anatomy, sur-
gical techniques for cusp repair, and outcome. By analogy
with mitral valve repair, we include in the term AV repair
not only the repair of the cusp but also valve-sparing root
replacement or any kind of functional aortic annulus
stabilization.ANATOMY OF THE AVAND THE FUNCTIONAL
AORTIC ANNULUS
The AV leaflets insert into the aortic annulus proximally
at the aortoventricular junction (AVJ) and distally at the
sinotubular junction (STJ). As a functional entity, the AV
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The Journal of Thoracic and Cardiovascular Surgfunctional aortic annulus (FAA; Figure 1), and the valve
cusps. The integrity of both functional components (the
cusps and the FAA) is the basis for good valvular function,
and alteration in either of these components is frequently as-
sociated with alteration in the other. Thus a fundamental
principle in AV repair is that both lesions of the cusps and
lesions of the FAA should be addressed at the time of valve
repair.
In a normal AV, although cusp coaptation relatively con-
stantly reaches the midlevel between the AVJ and the STJ,
a certain degree of individual variation exists in the length
of coaptation, ranging from 2 to 6 mm. Although a coapta-
tion of 2 mm is enough to ensure valve competence in an
FAA of normal size, longer coaptation may represent
some sort of coaptation reserve in the event of FAA
dilatation. This anatomic feature, in combination with the
individual compliance of the cusp tissues, explains the mul-
tiple clinical presentations with regard to the correspon-
dence between the degree of FAA dilatation and the
severity of AI. FAA dilatation undoubtedly induces pro-
gressive AI; however, significant AI can already be seen
with a moderately dilated FAA (40 mm), whereas some pa-
tients have little or no AI even with a severely dilated FAA
(>55 mm). The concept of coaptation reserve, quantified by
the coaptation length, is one of the parameters that can pro-
vide an estimate of the likely evolution of preoperative or
postoperative AI when further dilatation of the FAA is
expected.FUNCTIONAL CLASSIFICATION OFAI
A functional classification of AI should ideally identify
all the contributing lesions of the cusps and the FAA, enable
a reconstructive approach to the AV, and help to discrimi-
nate patients in whom a durable repair is achievable. We
previously described such a classification of AI1 that
encompasses all the different causes of AI; provides a com-
mon language to be used by surgeons, cardiologists, and
echocardiographers; helps the surgeon in choosing repairery c March 2013
FIGURE 1. Illustration of the functional aortic annulus, composed prox-
imally of the aortoventricular junction (AVJ) and distally of the sinotubular
junction (STJ).
El Khoury and de Kerchove Panel 1techniques; and predicts the immediate success and long-
term durability of the repair procedure. In this classification,
analogous to the mitral valve, type 1 disease is caused by le-
sions of the FAA in the setting of normal cusp motion, type
2 disease is caused by excessive cusp motion resulting from
cusp prolapse, and type 3 disease is caused by restrictive
cusp disease.
In this context, 2 important concepts deserve mention.
The first notion is that multiple lesions can simultaneously
contribute to AI; for example, dilatation of the aortic root or
ascending aorta may be associated with alterations in cusp
geometry and cusp prolapse. Thus correction of all contrib-
uting lesions is critical for successful repair. The second no-
tion is that severe chronic valve insufficiency, as with the
mitral valve, can lead to dilatation of the annulus. Thus
any correction of cusp pathology in the setting of chronic
severe AI should be accompanied by annuloplasty of the
FAA, which has 2 components: the proximal AVJ and the
distal STJ.
GENERAL PRINCIPLES OFAV REPAIR
The goal of AV repair is to restore a normal surface of co-
aptation by restoring normal geometry to the leaflets and
FAA while preserving normal mobility of the AV cusps.
The mobility of the valve cusps can be viewed as a ratio be-
tween the free margin length and the length of the base of
cusp implantation, such that:
Cusp mobility z
Free margin length
Length of cusp insertionThe Journal of Thoracic and CarAn increase in this ratio leads to greater cuspmobility and
may occur because of the presence of excess free margin
length or overreduction of length of cusp insertion by annu-
loplasty (or the choice of a small prosthesis for a valve-
sparing root replacement procedure). Similarly, a reduction
in this ratio leads to reduced cusp mobility or cusp restric-
tion. This is frequently observed in bicuspid AVs, which
have a large base of cusp insertion relative to free margin
length, as well as in cases of overcorrection of cusp prolapse
by reduction of free margin length. This concept also ex-
plains the idea that an annuloplasty of the AVJ (reduction
of the length of cusp insertion) can improve cusp mobility,
reduce the AV gradient, and increase cusp coaptation.
CUSP REPAIR IN TRICUSPID AV
Cusp prolapse, by definition, occurs as the result of an in-
crease in the free margin length compared with the length of
the base of cusp insertion. This leads to a decrease in the
height of the prolapsing cusp compared with the normal
cusp or cusps. Prolapse correction therefore requires a re-
duction in free margin length. The critical question thus is
howmuch reduction in the free margin is required to restore
cusp height to normal?
Assessment of AV geometry is not easy in the empty and
arrested heart. By using 3 commissural traction sutures, the
axis of the AV may be oriented towards the surgeon’s view.
Moreover, by applying a vertical and outward tension on
those sutures, the cusps can be stretched, facilitating the
comparison between the free margin’s height and length.
In the case of prolapse of 1 or 2 cusps, the reference height
can be taken from the nonprolapsing cusp or cusps. In
single-cusp prolapse, a 6-0 polypropylene suture is placed
successively in the middle of the 2 nonprolapsing free mar-
gins. By applying gentle traction on this stitch and grasping
the middle of the prolapsing free margin with a forceps, one
can easily compare free margin lengths, and the excess
length can be determined objectively. In double-cusp pro-
lapse, a similar stay suture is placed in the middle of the
nonprolapsing free margin, and the excess lengths of the 2
prolapsing free margins are successively determined with
the same method of comparison.
Prolapse of all 3 cusps is rare in the native AV, but it oc-
casionally can be induced after a valve-sparing procedure.
In this situation, the reference used to correct prolapse can
be the middle height of the commissures, or it can be deter-
mined by an instrument to measure effective cusp height, as
previously described by Sch€afers and colleagues.2 The
techniques described for cusp prolapse correction include
free margin plication3 and free margin resuspension with
a running suture of polytetrafluoroethylene.4
CUSP REPAIR IN BICUSPID AV
Regurgitant bicuspid AVs frequently present with dilata-
tion of the aortic annulus, aortic root, or ascending aorta,diovascular Surgery c Volume 145, Number 3S S27
Panel 1 El Khoury and de Kerchoveand therefore almost always multiple lesions are responsi-
ble for the AI. Cusp morphology in the bicuspid AV can
be heterogeneous, and the classification system of Sievers
and Schmidtke5 provides a useful framework to divide the
valves into 2 general types. Type 0 bicuspid AVs are less
common, do not contain a median raphe, and have 2 sym-
metric aortic sinuses, 2 commissures, and a symmetric
base of leaflet implantation of the 2 cusps. The mechanism
of AI in this setting is usually prolapse of 1 or both cusps
and dilatation of the FAA. The more prevalent type 1 bicus-
pid AVs have a median raphe on the conjoint cusp and an
asymmetric distribution of the aortic sinuses, with a large
aortic sinus accompanying a large nonconjoint cusp and 2
smaller cusps fused together with a median raphe. The ra-
phe often attaches to the cusp base in the form of a ‘‘pseudo-
commissure,’’ which has a height lower than that of the true
commissures. AI in type 1 valves can be due to a rigid and
restrictive raphe associated with small fused cusps, result-
ing in a triangular coaptation defect. Alternatively, the ra-
phe may be short and nonrestrictive, with well-developed
cusps and associated prolapse of the conjoint cusp. Bicuspid
AVs can exist anywhere along a spectrum between type
0 and type 1.6
In type 0 valves, cusp prolapse correction is performed as
for tricuspid AVs, with either a nonprolapsing cusp as the
reference or restoration of the height of coaptation to the
middle height of the commissures. Cusp prolapse is re-
paired with free margin plication or resuspension, and the
often thickened and fibrotic central aspect of the leaflet is
resected. In type 1 valves, the median raphe is addressed
first. If the raphe is relatively mobile and only mildly thick-
ened and fibrosed, it is preserved and shaved. If the raphe is
restrictive or calcified, a parsimonious triangular resection
of this tissue is performed. Next, the quantity of remaining
cusp tissue is assessed by putting the 2 arms of a 6-0 poly-
propylene suture on the free margin of the conjoint cusp, on
either side of the resected raphe. At this point, lack of cusp
restriction and good valve opening are signs of the presence
of adequate cusp tissue. The leaflet edges are reapproxi-
mated primarily when adequate cusp tissue is present; in
the absence of adequate tissue, a triangular autologous
treated or bovine pericardial patch is used for cusp restora-
tion. Next, the free margins of both cusps are compared for
the presence of any prolapse, which is corrected with free
margin plication or resuspension.
Considering the frequency of FAA dilatation in bicuspid
AVs, restoration or stabilization of all or part of the FAA
must always be considered in association with cusp repair.
If STJ dilatation is present, diameter is restored or stabilized
with ascending aortic replacement or with a valve-sparing
root replacement procedure. In the very frequent case of
AVJ dilatation, subcommissural annuloplasty was routinely
performed during our early experience; however, the results
showed a significant risk of recurrent dilatation with time.7S28 The Journal of Thoracic and Cardiovascular SurgWe therefore have modified our approach and have since
used valve-sparing reimplantation more liberally, because
this technique provides prosthesis-based circumferential
annuloplasty of the AVJ. This technique, generally indi-
cated to treat root aneurysms, is actually performed in any
bicuspid AV with AVJ dilatation, regardless of the size of
the root. In comparison with the subcommissural annulo-
plasty, reimplantation increases surgical difficulty, but it
does not increase postoperative morbidity and does increase
the durability of the repair. In the future, to avoid root re-
placement in patients without root dilatation, specific tech-
niques of AVJ annuloplasty should be developed to provide
adequate and durable stabilization of the AVJ in bicuspid
AV repair.OUTCOME
Data on the durability of AV repair techniques are cur-
rently limited to single-center series that are mostly small
to moderate in size, with a follow-up time of 5 to 10 years.
Patients undergoing cusp repair with tricuspid AVs (mean
age, 58 years; 74% male; 66% with associated aortic
disease) have a 10-year freedom from AV reoperation of
89%, and freedom from recurrent AI greater than 2þ of
86% in our experience; these freedoms are 92% and
80%, respectively in other large series. These results are
very similar to those reported by others.8
BicuspidAV repair, performed in a slightly younger cohort
(mean age, 44 years; 93%male; 65% with associated aortic
dilatation), leads to excellent survival; 94% at 10 years in our
series, with a freedom from AV reoperation of 81%. For the
tricuspid AVs, our results are very similar to the ones reported
in other large series.8 Valve-sparing root replacement for root
and annular stabilization leads to a more durable outcome
than is seen with either no annuloplasty or subcommissural
annuloplasty alone.7,9,10 A consistent finding across our
series and another major series of AV repairs is the low
risk of late valve-related morbidity: thromboembolism
(<0.7%/patient year), bleeding (<0.3%/patient year), and
endocarditis (<0.2%/patient year).8CONCLUSIONS
AV repair is a safe and feasible alternative to AV replace-
ment in selected patients with AI with or without aortic
dilatation. The results are durable in the midterm, but
long-term studies that compare outcome of repair with re-
placement will better define the role of repair in this popu-
lation. The low incidence of valve-related morbidity makes
valve repair particularly attractive for young patients who
want to avoid long-term anticoagulation.References
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